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(g) Process and apparatus for preparation of single crystal of biopolymer. 

(g) ' A process for the preparation of a single crystal of a 
bbp^ymer by growth from^a soliJtk>n oompiises continuously 
changing one factor, having an influence . on the conditions for 
crystallization of a solutiori of a bbpolymer. fractionating the 
solution, and Independently crystallizing the 
The process may be carried ^buit by an Apparatus comprising a 
means for feeding a crystallizing^ 

feeding a bbpolymer solution/ a me^^ for producing a series 
of changes of 'jsredetermined crystallization odhditions. said 
means continuously 'changing at least one factor fiaving an 
influence dh tfie conditions for crystallization of the biopolymer 
solution, and a means for fractionating the eolution and 
independently crystallizing the resultant fracttons. 
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Description v. :--. 

PROdESS AND APPARATUS FOR PREPARATION OF SINGLE CRYSTAL OH ElOPOLYliAER 



The present invention relates to a process and 
apparatus for the preparation of a single crystal of a 
biopdymer. More pEirticularly, the present Invention . 
relates to a process and apparatus for preparing a 
single crystal of a blopolymer by growth from a 
solution. 

The preparation of a single crystal of a blopolymer 
such as a protein by growth from.a solution is an 
Important technique applied In 'protiain engineering 
or drug design. ' 

To induce crystailteatlon, an aqueous solution of 
ammonium sulfate. methylpentanediot or 
polyethylene glycol is added to ah aqueous solution 
of a blopolymer, to be crystallized, the precipitated 
high polymer Is allowed to stand, and the formation 
of a crystal nucleus and growth of a crystal are 
effected by the solution growth method. In this 
connectlpn./^rious^me^^ the preclprtation of 

a biopo^mer are Iqnown [Lecture on Biochemical 
Experiments. Volume 1»IU; pages. 6. r. 17 published k)y . 
Tokyo Kagal<u Dojin^n '18761.TJ.f :v,: -.- v:, -a 

Nevertheless, since setting ^f crystailizatlon con- 
ditions must be precise, crystallization is conducted 
under a variety of conditions ^ to ? determine the 
optimum conditions, and since a manual operation 
for finding out optimum coridlttGfis ls^^arrie out, it is 
difficult to maintain a good reproducibility. AccK)rd- 
ingiy. the present inventors j>reyiousiy .prop^ a 
method of amomatical^ perforifn 
(see Japanese Unexamined ' Put>lication 
No. 62-106000). But in this system».whereia solution 
path is changed according to which . 'ctf many 
crystallization conditioris is usedi by ' a^ valve; the 
dead volume of the pipe system is increased and 
much valual>le proteiri .sample is wasted. Accord- 
ingly, the aboveWmntioned'aystem^ n^^ im- 
proved. ' ^--'^'^ ■^•t-^-- 

A primary object of the present invention Is to 
prpyide^a process and apparatus for preparing a 
single crystal of a biopolymer by growth from a 
solution, in which the optimum conditions for 
crystallization of a biopolymer can be easily arid 
efficiently determined by using a small amount of a 
sample. 

More specifically, in accordance with the present 
invention, there is provided a process for the 
preparation of a single crystal of a biopolymer by 
growth from a solution, which comprises continu- 
ously changing one factor having an influence on the 
conditions for crystallization of a solution of a 
biopolymer. fractionating the solution. arKi inde- 
pendently crystallizing the resultant fractions. 

The present invention further provides an appara- 
tus for the preparation of a single crystal of a 
biopolymer by growth from a solution, which 
comprises: 

a means for feeding a crystallizing agent solution; 
a means for feeding a biopolymer solution; 
a means for producing a series of changes of 
predetermined crystallization conditions, said 
means continuously changing at least one factor 



having an influence on the conditions for crystalliza- 
tion of the biopolymer solution; and, 
5 . a means fpr fractionating the solution and independ- 
' ently crystallizing the resultant fractions. 

Figure 1 is a diagram illustrating a first 
embodiment of the apparatus for carrying out 
the process of the present invention ; 
10 Figs. 2 and 3 are graphs illustrating the 

ammonium sulfatia ^concentration gradient and 
the number of crystals formed in examples of 
the present invention; " * - ^ 

Rg. 4 is a diagram illustrating a second 
15 emtx)diment of the apparatus for carrying out 

the process of the present invention; 

Fig. 5 is a schematic perspective view 
Illustrating a compression tool used In the 
process of the present invention; 
20 Fig. 6 Is a diagram illustrating a tube when 

compressed by the corhpress^ tool ; 
Fig. 7 is an f niaurged.view of a part of Fig. 6; 
Fig. 8 is a^diaglram iitustr^^ a'crystal-^row- 
ing apparatus* according to another embodi- 
25 ment of the present invention ; 

Fig. 9 is a diagram illustrating an.example of 
the fabrication of la crystallizing ves^si; ; 

Fig. 10 is a diagram illustrating another 
embodiment of the. process for preparing a 
50 crystal according to the preiseht Irivehtibn ; 

Fig. 11 is a graph illustrating the results 
obtained by the embodiment shown in Fig. 10; 

Figs. 12A and 12B are diagrams each illus- 
trating an example of the apparatus structure in 
35 which the process of the present invention is 

advantageously carried out; and. 

Fig. 13 is a blocl< diagram showing the 
operations In the apparatus shown in Figs. 12A 
and 12B. 

40 The present invention is different from the conven- 
tional method, in which a solution is independently 
foirfied and transferred for each crystallization 
cofKlition. since according to the process of the 
" present invention,' ia bWrles of changes of predeter- 

45 - mined crystallization condition are : continuously 
produced arid the solution Is fractionat»d to form 
fractions corresponding to independent conditions. 
' \ More sp'ectflcally/fbr eXarriple, the concentration 
of ammonium sulfate precipitating ^ is 

so gradually changed to form a cbncehtratlbn gradient, 
drops of the solution are collected one by one, and 
crystallization Is carried out for the respective drops 
by the vapor diffusion process. 
As the factor of the crystallization condition for 

55 formation of the concentration gradient, there can 
be utilized the concentration of a precipitating agent 
or crystallizing agent such as ammonium sulfate 
mentioned above, magnesium sulfate, sodium sul- 
fate, sodium phosphate, sodium chloride, cesium 

60 chloride, methylpentanediol. methanol or acetone, 
the protein concentration, the pH value (hydrogen 
ion concentration), the concentration of a sub- 
stance, the presence of which increases the regu- 
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larity of the crystal, for example, an inorganic saft 
such as sodium sulfate, cesium chloride or alu- 
minum chloride, and the concentration of a sub- 
stance specifically bonding with a protein, for 
example, an enzyme reaction Inhibitor. 

As the fractionating and crystallizing means, there 
can be mentioned a method in which the solution is 
charged and sealed in. for example, screw-mopth 
bottles having a small capacity, and crystallization is 
carried out batchwise in each respective bottles by 
standing (Fig. 1 ), and a method in wtitch drops are 
received on small glass sheets and crystallisaition is 
effected by the vapor diffusion method. 

An exarnple of the structure of the apparatus for 
carrying put ttie process of the present invention Is 
shown in Fig^ 1. In, this example, an ammpniunn 
sutfate solution 1 (ammonium sulfate corwentra- 
tlon dCWo of the saturation concentratiori, 10 mM 
sodium phosphate buffer. pH = 7.0) and an am- 
monium sulfate solution 2 (ammonium sulfate solu- 
tion — 95(Vb of the saturation concentration, 10 mM 
sodium sulfate buffer, plH -> 7.0) are supplied to a 
concentration gradient-producing systern 3 for a 
usual. Ngh*8peed..liqujd chromatograp arki a 
concentration gracterit of fronn. 1330^ saturation 
concentration to . 950A) . saturation ccriceritratioiri. is 
formed Uith a tot^^^ amount' pf 3^34 rnL A 

separately ^p^epaired pi:ot«n solution ,4 (3^^ sf»e.rm. 
whate^ :rnypglobin. $^ sulfatei, 10 mM 

sodium phosphate bi^er^^^ « 7^0) is 'iriixed with 
the above spiuttpn having the coricentration graijient 
at a vplume iatlaof 1/2. attsUri this mixing ratio, 
the feed ratps of two punfips 5 and 6 adjusted to 
0.5 ml/jnln jsmd 1,0 nnil/min, resipectively. The forrned 
solutlOT^CQr^a^ of rnypglpbin in 10 mM sodium 
phpsplMrte. y?^??*®. ^ T» ^ 

cohjparittat^ in which the ..EUTimpnium 

sulfatfB corice^^ linearly changes from 7b<yo to 
80Vo is foiled (Fig.,2) . The splutiori is supplied to. a 
fraction > collectpr .7 , f pr the liquid chromatography, 
ar\6 the solution is divided into fractions, each having 
a volume of 03, ml, and chau-ged in micpovial bottles 
.having a capacity of 1 ml. The nfticroyfal bottles are 
immediately sealed and stored in ajthermostat tank 
maintained at 20? C,. and thus, myoglobin solutions 
containing , ammonium^ sulfate at concentrations 
conesponding to 703. 71.5, 7Z5. 73.6, 74.5, 75.5. 
76.5, .77.5. jaJS ,79.5<>/o of the saturation 
concentration are obtained. After 1 day. the forma- 
tion of crystals is riltiated and the crystials grow 
gradually over about 7 days. The number of crystals 
formed Is largest at the concentration correspond- 
ing to 753<yo of the saturation concentration (Fig. 3). 
Namely, this concentration is ah optimum concen- 
tration condition for the crystallization in the present 
example. 

Another example of the structure of the apparatus 
^ for carrying out the-process of the present invention 
is shown in, Fig. -4. In this example, a protein 
solution 8 (3<V6 sperm whale myoglpbin. 600/6 
saturation ammonium sulfate, 10 mM sodlurn phos- 
phate buffer. pH = 7.0) and a protein^ solution 9 
(p.75Q'/o sperm whale myoglobin, BOO/o saturation 
ammonium sulfate, 10 mM sodium phoisphate buffer, 
pH 7.0). are supplied to a gradient-forming device 



10 of an acrylic resin (supplied by Sanko Plastics 
Co.) and a concentration gradient Is formed to a total 
liquid amount of 2 ml. The feed rates of two 
peristaltic pumps 12 and 13 are adjusted to 0.3 

5 ml/min and 0.6 ml/min, respectively, so that a 
separately prepared anrimonium sulfate solution 1 1 
{BQo/o ammonium isulfate, 1.0 mM sodium phosphate 
buffer, pH = 7.0) is mixed with the above solution 
having a concentration gradient at a volume ratio of 

10 1/2. The final solution contains 70o/o of ammonium 
sulfate In 10 mM sodium phosphate buffer and has a 
pH value of 7.0, and the myoglobin concentration 
changes from O.S<Vo to 20/o. The solution is divided 
into fractions, each having a volume of 0.1 ml, and 

15 received oh glass sheets 14, and crystallization is 
effected kt' 20**C by the vapor diffusion method. 
After 3 days, the fomiatipn of crystals is initiated, and 
the crystals, grow slpwly bveir about 2 weeks. The 
number of formed crystals is largest at a myoglobin 

20 concentratjori of T .6o/o. fslamely, this concentration is 
an opttnnium mypglpbih concentration for the crystal- 
lization in this exahipie.' 

Accprdlri^ to ahbther embodiment of the present 
irivention, as the means for fractionating and 

^5 crystallizihg a spiution haying a concentration gra- 
dient, a mettipd is adopted in which the solution 
havlr)g ja: cbhceriti^ti^ gradient prepared in the 
aboy^:^ehtioned m^ to a soft hollow 

tube, the sdf^ lip'lf^. ^M^^ compressed at a 

SO plurality pif'pred^^^^^ parts to divide tfie tube 

into a pliirality bt SmcUl chambers, arid each charnber 
is used' as a crystal-growing vessel filled with the 
solution to bet crystsdllzed. 
According to still another embodiment of the 

35 preserit invention, a plurality of blocks having a 
tlirougK hole are an^ to one anotf>er to 

form a hollow piipe"<»vlt^ by the through 

hjole^. ;df tte biobksi whereby a crystal-groWing 
apparattis js dmstrv'cted^ spiution to M ciystal- 

40 Itzed and haUn^ a gradient is f^^^ in 

theVholjow j^ipe^d^iHtyV 8^ connection df the 
through holes is se^^ the through holes are 

used as independent sfrnari phambeirs. Namely, each 
small chamtDer acts as a crystiaij-growing vessel filled 

45 with the solution to be crystallized. ^ 

For conrlpressipn of the soft hollow tube, for 
examplei a compression topi 2i comprising meni- 
bers having the same rectangular sectional shape, 
as shbwn in Figs. 5 ahd 6; can be used. For example, 

so a isoft tubie 22 Is supported bn the compression tool 
21.and the tube 22 is divided into a plurality of 
crystal-0rbWlhg small charhbers by this tool 21: This 
apparatus is bpei-ated In the fbllbwing manner^ One 
end of the cohripressibn tool Is fixed, and four ball 

55 screws ai'e attached to the other end so ttiat a 
cantilever structure ^ fomned. Timing pulleys 

attached to one ends of the screws sire driven by one 
motor through a timing belt to compress one side of 
thjb corrillnEissipn tool against the other side thereof. 

60 The terminal point Is automatically detected by using 
a photointenruptiar or^the Jike, to stop the supply of 
power to the motor: A reyerse revoliitiori ^er the 
supply of power is stopped can be prevented by 
driving the motor through a gear. 

65 A transparent soft hollow tube is used in the 
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present invention, but if obsen/ation of the crystal- 
forming process over a period of time is not 
necessary, a. semi-transparent or opaque, tube can 
be used. A material having a low water perrneability 
is preferably used as tiie material of the hollow tiibe. 
For example, there are advantageously used a vinyl 
chloride polymer marl<eted under the tradename of 
"Tygon", and fluorine-containing polyniers such as isi 
tetra-fluoroethylene/perfluoroalkyf Vinyl ether, co- 
polymer (PFA). a tetrafiuproethylisne/hexafluorojarp- 
pylene copoiy'mer (FEP), a' tetrafluorpethyl^nis/ 
etiiylene copolyrner .(ETFE). polytrifftiprocWo- 
roethylene (PCTFE). a^ trifluorochlofpethytene/ 
ethylene , copolymer (ECTFE). polyvinyl fluoride 
(PVF), poiyvinyildene fluoride (PVDF), and polytetra- 
fluproethylenjB (PTFE). 

Tlie sample is introduced Intb the soft hollow tube 
of the above-mentioned apparatus frorh tlie concern- 
tration gradient-preparing ^paratus, the soft hollow 
tube is divided Jnto small charnbefs, and crystals are 
grbvm therein. The crystals are recovered by cutting 
off one end of the srnall. chaifib^^^ soft tubel 

More specificalty, a transparent . tube iiaving a 
good elasticity and a low water permeabllity^ 
posed of Tygon^iri the presenriem^^ as 
shown, in Fig., s; is. arranged^dpyvnstr^ 
concentration gradiehVprepairin^ ^apparatus as 
shown In Fig^l or 4. A predete^^ ^ 
splutlojfi is fed frorn the concentraiiOT gra<fl^ 
paring apparatus to preparis a pr64d(etermi6ed coii- 
centratipn gradient in the tiibe. : the tiibfe ' is com- 
pressed at predetermined Inter^^ divide the 
tube into sm^l chambers, and crystals are grown 
and in. each chamber. ^ , . V 

A concentration gradient sblution'cdfnprlsin^ 10/b 
of myoglobin and 10 mM spdium phospli^^^ 
and having aii ammpniiJBm sulfate, conceptratipn 
gradually changed from 760/0 Jo SpV^^^ In 
the sarne manner as describe^ wtli,refererK:e 
to Fig. 1. and the ^lutipn iis.guld^d into a tygon tube 
haying an inner diariieter of 3 rriiti arid a length of 8 
cm. The tube is gripped by rribte^^ havirig 
convexities and concavjities to divide the tube Into 10 
small chambers at Intervals of 0.8 cm. Solutions 
having concentrations corresponding to 70.5, 71.5, 

79.5?/o of the saturation concentration are 

charged in the small chambers, and the growth of 
the crystals is carried out in a therniostat tank 
maintained at 20° C while the tube is gripped 
thereby. 

After one day. the growth of crystals is initiated, 
and the crystals grow gradually over 7 days. The 
number of the crystals formed is largest at a 
concentration corresponding to 75.6o^ of the satu- 
ration concentration. In the present embodiment, 
this concentration is an optimum concentration for 
crystallization. 

Where the soft hollow tube is formed of a 
fluorine-containing polymer, a hpllowtube having a 
structure described below is very advantageously 
used. Namely. PFA. FEP. PVDF, PVF. and PTFE 
hollow tubes having a wall thickness of 0.2 to 2.0 mm 
and ETFE. PCTFE, and ECTFE tubes having a wall 
thickness of 0.2 to 1 .0 mm are preferatjiy used. 

Where small chambers are formed by using a 



plurality of blocks, a crystal-growing apparatus 
shown in Fig. 8 can be used, in which a plurality of 
blocks 24 havirig a hole 23 formed at an appropriate 
position aind a plurality of thin sheets 26 having a 
5 hole 25 corresponding to the hole 23 are arranged 
alternately. This crystal-growing apparatus Is used, 
for example, in the following manner. A hole is 
formed at tlfi^ central portion of the top end of the 
thin sheet gripped between the blocks, and a rod for 
10 sliding the thin sheet upward Is inserted through this 
hole. Ball screwis are arranged on both the ends of 
the rod. As in the above-mentioned apparatus, 
timing pulleys are driven by a motqr^ through a timing 
belt to simultaneously slide the thin sheetis 26 
15 upward, whereby the tube hole lis divided Into small 
chambers as crystallizing vessels (see Fig. 9). 

The material of the blocks may be either an 
inorganic material such as glass or an organic 
polymbir such as an acrylic polymer, pdlymethylpen- 
20 tahe or pblycarbbh^te. ' 

The thin sheets sre preferably composed of a 
metal such as stainless steel or titanium. 

For exatciple,' blocks haS^ng a thickness of at 
least 2 mrri and thIiB sheets having a thickrtass of hot 
2S larger than 200 p.rn can be usied. 
When cbhstructi^ 
of tlie present embbdiment a thrbiigh hole 1$ formed 
in each hibmber cbmprising a bipck 
arid tiie mehibers are ais^mbted by using bolts and 
30 nutk, ' After crystals hjave* '^bbieh'^'grovim tTy^ the 
predetermined' opbratlbn,'^ the" crj^stitis - aire re- 
covered, for exarti^ In the fdllbwing manner. 
Nambly, the apparatus is verticaiy erected, and the 
bolts and nuts are renrioved by using a disjointing 
3S tool vyrtiiie all of the blocks aire cfanriped (to prevent 
leakage of the solution by usincj such as an O-rIng 32 
as shown In |Rgs. 9 arid ib), and then thb'blbcks are 
removed one by one bhd ttib crystals^ in the 
respec^e chambers'are recovered in sequence. 
40 • ' For example.' a tbpl coniprislng nietltj^e^ 

late bbiymer (Plexiglas) blocks (having a length of 
0.8 cm) haying a hole having a diabibter of 3 mm and 
stainless steel sheets (having a thickness of 50 |im) 
having a hole having a diameteir of 3 mhri, which are 
45 gripped between adjacent blocks, Is used (see 
Fig. 8). Where the thin sheets are gfippeid between 
the acrylic resin blocks so that the holes of the 
blocks are In agreement with the holes of the thin 
sheets, the same concentration gradient solution as 
SO described above with reference to Fig: 1 is filled in 
the tube path, and the stainless steel sheets are slid 
by 10 cm to divide the tube path Into 10 small 
chambers. In the same manner as described In the 
foregoing embodiments, crystals are grown for 7 
55 days, and the formed crystals are recovered by 
disjointing the blocks by using the above-mentioned 
disjointing tool. 

in accordance with still another embodiment of 
the present invention, small chambers are formed by 
60 the means Illustrated In Fig. 10. Figure 10, (A) shows 
the state of the tool at the step of charging the 
concentration gradient solution, and (B) shows the 
state after the division of the concentration gradient 
solution. 

65 Another example of the concentration gradient 
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solution is now. given. Referring to Fig. 1,an aqueous 
solution of ammonium sulfate having a concentra- 
tion corresponding to 950/oof the saturation concen- 
tration ^as a concentrated solution 1, an aqueous 
solution of ammonium sulfate having a concentra- 
tion cqrresp<Miding to 72.50/o of the saturation 
concentration as a dilute solution 2, and a protein 
solution 4 formed l>y dissolving 3o/o of sperm whale 
myoglobin in an aqueous solution of ammonium 
sulfiBte having a concentration corresponding to 
500/0 of the saturation concentration are charged. 
Note, 1/15 mole/1 sodium phosphate buffer 
(pH = 7.4) is added In each solution for buffering 
the pH value. 

The mixing device 3 is operated to forrn a 
concentration gradient solution having a concentra- 
tion changed from a72.5<Vb saturation concentration 
to.a 95<Vb.j^iatunaiti^^ concentration with a total liquid 
amount of 2 ml. The concentration gradient solution 
is caused tojflow to the right in the drawings by the 
pump 5, and the protein solution 4 is caused to flow 
In a volume Xforresponding to 1/2 of the^yblume of 
the concentration gradient solution by the pump 6, 
both, solutions are then mixed and the solution 
having a ophcehtration. gradient is fed out. 

The tool SO shown in Fig. 10 comprises a plurality 
of trmspiu^nt blocic plates 31 formed of a transpar- 
ent .acrylic resin and haying a thickness of several 
rnm.iihd\a:ttt;^ 31a having a diameter of 2 
to 3S mm, aiiia ihrcpnt^^^^ with one another. The block 
plates 31 are moved alternatively, for example, in the 
direction b (vertical to the surface of the drawing 
sheet) rectangiilar to the thickness direction by an 
operating, menriber (not shown) disposed outside. 
PacWngs '32 a^^ circular grooves 31b 

prpNdded arounid the through holes 31a at the Ijoth 
sides of tiie block plates 31. so that a seal is 
.majntainf d between the opposing surfaces of the 
adjacent block plates. 

A fiC^Mtipn-ch^ port 33 is fixed to one end of 
th^ tQo(^. and hole 33a of the port 33 is fwned 
substirrtiaJly coaxi^^ with the through hole 31a of 
the block'plate 31. 

In the state (A) where the through holes 31a of the 
block plates 31 are communicated with one another, 
the predetermined concentration gradient solution 
is charged into the tool 30 from the port 33, and the 
bk>ck plates 31 are ialternately moved upward on the 
dravying sheet by an external mechanism not shown 
in the drawings to disconnect the communication of 
the through holes and produce the state (B). 

In this divided state, the through holes 31a of the 
respective block plates 31 are filled with solutions 
having different compositions, respectively, and the 
solution; are allowed to stand In tWs state In a 
thennpsW J^ maintained at about 20** C. The 
formation of crystal nuclei and growth of the crystals 
is observed from the outside. 

Even if the block plates 31 are fonmed of a 
transparent glass, polymethylpentene resin or poly- 
carbonate resin Instead of the acrylic resin used in 
-the ,preseifit. embbdirn^ similar effects can be 
attairied, as has been experimentally confirmed. 

Figure 11 illustrates the relationship between the 
concentration of the concentration gradient solution 



and the size of crystals in each small chamber, as 
observed in the above-mentioned embodiment. The 
ammonium sulfate concentration (o/b) Is plotted on 
the left ordinate Y1 and the average value (mm) of 
5 the long sides of crystals is plotted on the right 
ordinate Y2, and the small chamber number is 
shown on the abscissa X. 

In the present Invention, the portion in which the 
crystals au-e largest, i.e., the average value of the long 
10 sides df crystals is about 0.8 mm, is present in the 
vicinity of the small chamber No. 11 . and the point p 
ihdica^n^ an aqueous sdutbn of arnmoniiirh sulfate 
having a concentration corresponding to 740/o of the 
saturation concentratipn corresponds substantially 
15 to this portion.' ' , . 

FigUi-es 12A and 12B eaich illustrates still another 
embodiment of the structure of the apparatus for 
advantageously carrying out the process of the 
firesent fnyeritlpn. Refenlnig to Figsl12A and 12B, a 
20 crystallirlriiJ agent solutbh 42 is contained in a liquid 
feed portibri 41, and a crystallizing agent solution 44 
having different ffictbr of the drystanizlng' ^gent 
solution 42 is cqntahed In a cbhcehtratiori gradient- 
forming portldn"43! The crystallbdng agerit solution 
25 rnay be fedHn the 'TOncentratloh gradient-forming 
portion 43 previously by a means similar t<5 the liquid 
feed portion 41 mechanisni. The s6iutl6ri'42 is fed at 
a cbi^tant 'rate from the liquid feied portion 41 , 
wtieretyy a predetermined conrentratlbh g^^ is 
30 formed by stirring the crystallizing agent soliitton fed 
Into *e cbnicentratich' portion 43 
and trte ci^stall^^^ aigjent solution 44. iuid stmulta- 
nebii^rthe ccnce^^^ is fed 

but Iri sequehbift. A sample sbkitldh 46 is fed ft^bm a 
35 liquid fieed pbrtlOT 45' at > cohstarit rite. These 
solutlorisafe^n^^ tbform 
a br^tallizhi^' agerTt-^ontainlng fsaiiiplb solution 
having^ certain cbnceritraitfb gradient: the concen- 
tration gp-adlent solution is then infroduced to a 
40 crysxk\iz\hg p6 a cbrhpressibh tool 48 is 

drivian by a Wbe-ip^^^ 

plurality bf sample solutiorvcbntaining snriall cham- 
bers! Nbte^refirencehurher^^^ 
vesSlli amd. reference' hu^ 60 represents valves. 

45 Figure 13 is a btocl< diagram shbwing tlie operations 
Iri the apparatiis shown In Fig. 12.^1n Fib- 13. 51 
represents a ccwitrol pbrtibn; 5^ rejpresehts a 
temperature-contrbllihg portion, 53 ■ represents a 
sblutiori' riBseHrtBi and feed portion, 54 represents a 

SO cbncentrattoh' cn'a portion. 55 repre- 

sents a solution reserve and feed portion. 66 
represents a crystallizlrig portion and 57 represents 
a tube-pressing driving portion. The an-ow from the 
portion 61 indicates the stream of a command for 

55 causing a cbbrdinated action of the respective 
pbrHoris. It Is important that the portions 53, 54, 55, 
56 arid' 57 abt correlatlvely. The arrows frbm 52 
indicirte the streams of commands fer appropriately 
bbhtrbijlnig^ t^^ temperaturieis of the respective 
. 60 portions. The arrows from the pbrtibn 53 to the 
pbrtibn 54'(or 55) ,54 to 55; and 55 to 56 ihdicaite the 
stieanis of the solution, the arrow from the portion 
to the pt^on 56^ m^^^ the driving force for 
compressing the tiibe.' . V ' . 

$5 The' process and apparatus of the present 
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invention can be applied not only for ten-estrial 
experiments but also for cosniical experiments. 



Claims 



1. A process for the preparation of single 
crystals of a biopolymer by growth from a w 
solution of the biopolymer and which comprises 
establishing in the sidlution a sub^htially 
continuous gradient of a crystallization -In- 

f iuehcing factor, fractionating the solutipri into 
fractions according to thair content along .the~ is 
gradient,, and independently crystanizing. the 
, resultant fractions.; V , 

2. A process according to clajrn 1, whf9relh. 
the faictpr is the concentration of iai crystajiteing' 
agent tliat is added to.the solution to precipitate 2b 
the biopolymer. arid in which the said agerit i? 
preferalDly seiect^^^ arnnionlum sulfate, 
nnagnesium spdiuhi sujfate, sodiiim 
phosphate, sodiurn chloride, ce^u^ 
rnethyjpmtaned^^ ethanol. rratH^oI, acetone 25 

'. prpQlye^ero 
. 3..rA prqqess clairn 1, wherein 

tiTdj^factor^.is^^^^^^^^ blp- 
.ppiyrher.^;^^ .^v;^^.^ • r.'---^v ~ .. .. 

4- A\procesf$^ affording 30 
the factor is the cbrwentratlon. c^^^^ additive 
that is added for improying, the riBgularity of the 
biopolynrver, amfd in which the said additiye is 
preferaUb^ an inorganic sai a iigcuicj oi^^ 
otbondjng specifically. with the Woppiynrier , ; ^ 

5. A prp<^ss ,acH»rding, to cWm,,i,]^wherein 
the factor Is tfiiid, iiy^rog^ 
thesoliitipn.' V;\''.. J;./.',*''.*;.-. "' I 

. 6. A. process according to. any . preceding 
claim In v^kdh ttie gradi^t is estabdsHed^i^^ 40 
the lerigth oif. a vessel <and the fmctlora Is 
. then effeicted by.dividing theyesseltra^ 

to form a series of separate, ciysta^growlngi 
chambers , each coiitaining ^ a fraction of the 
solution and the fractions are independentty 4S 
crystallised in their respective dWmbiBrs. 

7. A^process.according to claurn 6 in v<hich tl^ 
vessel, is a soft hollow tube and the^ soft hollow 
tube is compressed at a pluraiity. of predeter- 
mined positions to divide the soft| hollow tube so 
into the series of chambers. 

8. A process according to claim 7, wherein 
the soft hollow tube is transparent. 

9. A process according to claim 7 or claim 8. 
wherein the soft hollow tube Is composed of a SS 
material having a low water permeability, prefer- 
ably selected from vinyl chloride polymers 
(prefer£d)ly "Tygon"), tetrafluoroeihylene/per- 
fluoroalkyl vinyl ether copolymers, a tetrafluo- 
roethyiene/hexafluoropropylene copolymers, 60 
polyvinylidene fluoride, polyvinyl fluoride, and 
polytetrafluoroethylene. preferably a tetrafluo- 
roethylene/ethylene copolymer, polytrlfluoro- 
chloroethylene. or a trifluorochloroethylene/ 
ethylene copolymer. 65 



10. A process according to any of claims 7 to 9 
wherein the tube wall has a thickness of 0.2 to 
2.0 mm , preferably 0.2 to 1 .0 mm. • 

11 . A process according to claim 6 In which the 
vessel comprises a plurality^ of blocks each 
defining an aperture and arranged continuously 
to one another with the aibertures communicat- 
irig with one another to form a tubular cavity and 
In which the commuhicatton' between the 
aperttires is dosed to' dlvlde the tubular caivity 
into the series of chambers. 

12. A process according to claim 11, wherein 
the crystal-forming apparatus Is assembled by 
alternately arranging a plurality of blocks each 
having an aperture, the assembly being such 
that the apertures comrriuriibate with one 
another to fonri the hollow tube cavity.' 

13. A process according to claim 12. wherein 
the blocks have a thickness of at Ieabt2 mm and 
are corriposed of a transparent material and the 
metal sheets are nrietal filnris haVlrig a thickness 
hot larger than 200 jim, and In which the blocks 
are preferably an acrydic iresln, a'polym^ 
pentene resin/or a polycarbonate r^sh and the 
metal stieets are preferably composed of 
stsdnless' steel. ' 

14. A process according, to claim ilV wherein 
the small charnbers are formed ib^ a^^ a 
plurality of block plates each ha>^^'an ap 

arid enable of IndependeHtly movirig' in a 
direction rectangular tb thd^ thi^ 
' so thiat the apertures c'ornm'unicate \*Hth' b^ 
another to form a tubular cavttyj filling the 
. solution having the cor^oBntratiori gr^lleht Into 
the sealed cavity and ftid\Hng the bloc 
relative to e^ch other sufticierit to divide the 
\\ cavity Irvtb this charrd^ > ^ i 

15. A process acrardihg to clainri 14, Wherein 
the block plates have a thipiotess of at'teast 2 
mni and are compose^ of a treirispai^m m 

arid in which the block plates are' prBferably 
cornposed of a glass or' art acrylic resin, a 

. PPtyniethytpentene resin, or a polycarbonate 

■ resin. ' ' ** ' . 

16. A process according to any of claims 11 to 
15 wherein the blocks are made of g^s. 

17. An apparatus for the preparation of single 
crystals of a biopolymer by /growth from a 
solution of the biopolymer and whlch'torriprises 
mixing means, means for supp^rig a crystalliz- 
ing .agent, solution to the mixing rneahs, and 
means for supplying a biopolymer^ ^lution to 
the mixing means, and in which the apparatus 
includes means for producing in the mixture 
formed at the mixing means a substantially 
continuous gradient of a crystalilzation-in- 
f luencing factor, and means for fractionating the 
solution and independently crystallizing the 
resultant fractions. 

18. An apparatus according to claim 17, 
wherein said prockjcihg means comprises a 
concentration gradient-forming means for con- 
tinuously changing one factor having an in- 
fluence on conditions for crystallization. 

19. An apparatus according to claim 18 or 
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claim 19 wherein the fractionating and crystalliz.- 
Ing means comprises means for Introducing the 
solution having a concentration gradient formed 
by the gradient-forming means into a tubular 
cavity, and means for dividing the tubular cavity 5 
into a plurality of independent small chambers. 

20. An apparatus according to clainrv 19, 
wherein the tubular cavity comprising a soft 
hollow tube, and the dividing means comprisfng 

a means to compress the tube at a pluraRty of 10 
spaced apart positions to divide the soft hdlTow 
tube into a plurality of independent ^all 
chambers. 

21. An apparatus according to claim 19, " ' 
wherein the tubular cavity Is defined by a IS 
plurality of blocl<s each having an aperture smd a 
plura% of thin sheets each having an aperture 

and in which the blocks and sheets are. 
arranged alternately so that the apertures 

20 



25 



i 

30 



3S 



40 



46 



SO 



55 



communicate with one another to form the 
cavity,, and the dividing means comprise a 
driving means for sliding simultaneously the thin 
sheets, whereby the cavity is divided into small 
chambers that serve as the crystallizing ves- 
sels. 

22. An apparatus according to claim 19, 
wherein the tubular cavity is defined by a 
plurality of blocks each having an aperture and 
which are arranged contiguously to one another 
so that the apertures communicate with one 
another to form the cavity and the dividing 
means comprise a driving means for siiding the 
blocks alternately in a direction transverse to 
the thickness direction whereby tiie communi- 
cation between the apertures is closed to form 
small chambers as crystallizing vessels. 
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